Introduction
Improvement of the competitiveness of an enterprise largely depends upon the efficiency of its current performance. The maximum capacity can be achieved only if the operation objectives of all the plant systems are coordinated and the processes in these systems are based on the common criterion of optimization.
The designed model of an extended target operation [1] allowed working out the common criterion for the resource efficiency [2] . However, the technology of its practical application involves a number of issues that require detailed explanations. The problems include design of the architecture of a controlled system [3] and estimation of the cost of technology products, particularly the depreciation of the working mechanism that performs the basic function in the system under research.
The object of study is the process of heating a portion of liquid. The choice is due to the inertia of the object (which is important for the required precise measurements), a sufficient number of the degrees of freedom necessary for optimal control, the dependence of product quality upon the time of operation, and an available analytical determining of the wear-out rate for the heating mechanism.
Analysis of the scientific references and formulation of the problem
The overall trend of the system engineering is viewing the controlled systems as objects, the technological processes in which are subject to optimization [4] .
The practical use of the principles of optimal control is hampered by ambiguity that results from the substitution of notions, when the search for the extrema is defined as the optimum search.
At the same time there exist five main variants. Selection of control is based on the following factors: (1) the search for the extrema of a technical parameter [5] , (2) the economic indices (of profit, cost, and efficiency), (3) a synthetic in- 8 dex that combines economic and technical parameters of a multi-criteria optimization [6] , and (4) minimization of the time of operation [7] or maximization of the efficiency [8] .
It is generally known that the better of two controls is that which is more effective. That is, the optimal, by definition, is a control that provides the highest efficiency of the process within the constraints.
It is also common knowledge that a technological operation is secured by conversion products, energy products, and technical products (equipment). The output of a manufacturing operation is a formed consumer (output) product. The operating machinery wears out, which leads to the consumption of the technical product as a wear.
Quantifying the volume of each input and output product of the operation and further expert evaluation of the products and the time of the operation allow proceeding to a model that is defined as the model of a target operation (Fig. 1) . RE designate the cost of input (raw, energy, and technical) products, PE is the cost of the output product, RE is the total cost of the input products, and op T is the time of the operation.
A target operation can be displayed as a vector (Fig. 2) . In economic systems, expert assessment is replaced by the valuation.
Consider the assessment of the operational efficiency if only one parameter of a target operation varies. Fig. 3 presents two target operations with equally valuated input and output products but different operation time. In this case, the first-type operation is more efficient, because its implementation requires input products with a lower expert assessment.
The third variant (Fig. 5) shows a situation when comparable operations differ in the valuation of the output products.
It is obvious that the second-type operation is more efficient than the first one.
Thus, it is evident that the efficiency of an operation depends on all the three parameters.
As can be seen from the variant (Fig. 3 ), in general, the economic parameters such as cost (RE) [9] , profit or added value (PE RE − ), as well as profitability ( )
 do not comprehensively assess the efficiency of the operation under research, since these expressions at least do not engage all the basic parameters of a target operation.
The same is true for attempts to assess the efficiency on the basis of either time parameter or performance.
Fig. 5. Target operations with different valuations of output products
The previous study [2] presents a devised index of the resource efficiency, which is supported by the basic indices of a target operation.
This study, being logical continuation of the former, presents the practical use of the devised criterion for the optimal control that would provide the most efficient target operation.
The problem is that the existing classic methods do not meet the peculiarities of the technological operations whose output quality depends on the operation time.
In addition, comprehensive optimization can be achieved only if the process under research deals with a single technological operation, and the choice of an adequate criterion for optimization does not automatically result in reliable findings without a full consideration of all the relevant factors.
The purpose and objectives of the study
The study aims at revealing the dependence of the factors that affect optimization of a liquid heating system, in which the liquid is supplied in portions, on the system control.
The goal can be achieved via solution of the following tasks:
(1) measuring the dependence of the heating mechanism wear on the operation management;
(2) quantifying the integral parameters of the input and the output products in the system of batch liquid heating at comparable cost values; (3) determining the target operation efficiency on the basis of the target signature and the operation control; (4) assessing the response of the criterion to a change in the output valuation; (5) interpreting the findings.
Studying the technological operation of a liquid portion heating as an example of determining the basic parameters for a simple targeted operation
Any operation is implemented only if the valuation/ expert assessment of its output products exceeds the valuation/expert assessment of its input products. These cybernetic parameters would be determined due to the designed model of a target operation. The output product of a target operation is the added value of the operation under research.
Valuation of the input products, the output products and the operation time of a target operation form the target signature.
The process of electric liquid heating serves an example that discloses the structure of a target operation model. The choice is predetermined by the fact that the heating process is well known and relatively simple to implement. In addition, an important factor is that the value of the electric heater depreciation can be described by means of an analytical expression [10] .
The object of study is the process of batch liquid heating, which is predetermined by the fact that a batch heating system has the maximum number of degrees of freedom (in comparison to continuous heating where any change in the rate of a liquid flow is rigidly connected with a specific rate of the energy supply). Parametric optimization in such "connected" systems is impossible.
In the heating operation, cold liquid is a raw product, consumed electricity is an energy product, and an electric heater wear is a technical input product. On the other hand, the heated liquid is the output product.
The research started with assembling a plastic container with a working capacity of 3 liters. 4-cm thick foam was placed between the double walls of the container and its lid to reduce the heat loss. An incandescent bulb with a power of 200 W was used as an electric heater. The socket of the bulb had been isolated in a special way to allow its dive to the bottom of the container. The initial temperature of heating was 20 C°, while the final heating temperature comprised 60 C°.
The power of the electric heater (control) varied from operation to operation in the range of 40 W to 340 W due to changing the rate of the supplied voltage U, in increments of 20 W. As a result, we have obtained the heating time for each type of control ( op T ) (Fig. 6 ).
Fig. 6. Change in the operation time according to the heating control
In the course of the experiments, we obtained the following data (Table 1 ) and design parameters (Table 2) for each heating operation. The value of the electric heater depreciation during the technological operation is determined by means of the expression The calculated valuations of the heating operations' products vary according to the control (kW). They are shown in Table 3 . Fig. 7 shows the charts of varying basic parameters that depend on the management (kW). As can be seen from Table 3 , the value of depreciation has a significant impact on the variation of the control-dependent cost of the input products (Fig. 2) . Accounting for depreciation in this case is a prerequisite for a reliable calculation of the total operation cost.
The study of the obtained dependences leads to some important conclusions. Answer to the question: "Which management of a number of available types is the most effective one?" requires quantifying the efficiency of the technological operations.
The criterion for the resource efficiency
The requirements to the optimization criterion allow answering the question of why such factors as cost ( ) T cannot be taken as criteria for optimization. All these indices only partially take into account the parameters that are necessary for a target technological operation.
The index of the resource efficiency [2] is free from such disadvantages.
Simple target operations use the following expression to determine the criterion of the resource efficiency:
where E is the efficiency index. The values of efficiency for each target signature of the heating operation are shown in Table 4 . The graphs (Fig. 8) show that the optimal control significantly deviates to the left relative to the minimum cost (Fig. 7) .
In general, the efficiency extremum shift is affected by changes in the valuation of any of the input products.
Discussion of the research findings
The study uses an example of the target operations of batch liquid heating with an electric heater to solve the problem of determining the value of the criterion for the resource efficiency, devised in [2] .
The study demonstrates the common for all target operations methods of determining the target signature -the ternary ( ) op RE, PE, T . The obtained values of the target signature form the basis for determining the value of the efficiency criterion with the use of an expression for identifying simple target operations.
As can be seen from the findings (Fig. 2) , each control has its own target signature ( ) op RE, PE, T . Obvious and important is the fact that the time of the heating operation cannot remain a stable value while the control changes. This means that the operation efficiency cannot be assessed with the classic methods, such as dynamic programming and the Pontryagin maximum principle.
Formally, this is due to the fact that the initial and the final moments of time must be determined for the minimized or the maximized functional. In fact, it is impossible to assess the efficiency at a given time, since the intermediate products are not of comparable quality to that of the output products.
This does not happen, for example, in the operations of moving cargoes, which probably predetermines the choice of problems associated with the trajectories of movement as the objects of study. These problems illustrate the classic methods of determining the extrema of the selected criterion.
The analyzed integral-shaped functional does not have any fixed end of integration and is always determined within the interval from the beginning 0 t to the actual end of the studied operation a t : 
where re(t) is the total registration signal for the input i (reduced to comparable cost values) products of the studied system ( ) ps is valuation of a unit of j output product of the target operation. As can be seen (Fig. 8) , the criterion of the resource efficiency has its extrema that are sensitive to changes in the quantity and cost parameters of the system operation. Higher valuation of the output product, other conditions being equal, results in higher efficiency of the operation.
Naturally, the technical criteria do not pass the simple check for the adequacy of response.
Studies show that a necessary condition for determining the authenticity of the optimality criterion is the account of depreciation of the technological equipment in situations where its impact on the assessment of the efficiency is significant. That is, the question of whether to consider or ignore the equipment depreciation when searching for the optimum must be justified in each case.
The shift of the efficiency maximum to the right relative to the minimum cost and maximum profit can be justified on the basis of the charts interpretation (Fig. 7) .
Transition from control 0.18 to control 0.2 leads to the increase of cost by 0.6 % and the decrease of operation time by 11.4 %. That is, the rate of profitability growth by far exceeds the increase in cost.
This method of determining the efficiency criterion can be used to optimize technological processes with a batch supply of raw materials.
The above examples of the target operations are classified as coordinated operations, i. e. operations where the output product is fully presented to the consumer. The class target operations with a mismatch at the output is interesting for further studies. This situation can occur if the consumer does not need the entire output.
Conclusion
1. Determining the efficiency of the studied operation generally requires processing the whole trajectory of the moving object, since the time of the entire cycle of a technological process is not known beforehand and the quality of the product in motion is changeable. Fig. 8 . Illustration of the efficiency extremum shift relative to the value of the heated liquid cost 2. Implementation of any technological operation is accompanied by a depreciation of the working mechanisms of the system under study. It is shown that the wear can have a significant impact on the determining of the optimum. Thus, the problem related to depreciation of a working mechanism in optimization must be justified.
3. The purpose of a technological operation is to provide a consumer product, in this case -heated liquid, and the desired product -the added value. The added value of each operation has its parameters -the target signature. On the other hand, to determine the target signature it is necessary to quantify the integral parameters of the input and the output products in the system of batch liquid heating in comparable cost values, the calculation of which is shown in the paper.
4. The maximum efficiency in these studies is shifted to the right relative to the minimum costs and maximum added value (profit in open systems). This is due to the fact that the growth rate of costs, in the vicinity of the minimum costs, is much lower than the decline in the rate of operation (productivity increase). Ultimately, if the cyclic operations are handled more efficiently, this leads to an increase in the integral added value.
5. Increase in the value of the output product leads to increased efficiency and a shift towards a more optimal performance.
